Abstract An association between interpretation of ambiguity and anxiety may exist in children, but findings have been equivocal. The present research utilized the Interpretation Generation Questionnaire for Children (IGQ-C), a novel measure that breaks down the processing of ambiguity into three steps: the generation of possible interpretations, the selection of the most likely interpretation and the anticipated emotional response to the ambiguous situation. The IGQ-C was completed by 103 children aged 11-12 years, 28 of whom had a clinical anxiety disorder. There was some evidence for an association between anxiety and: (1) the generation of initial negative interpretations; (2) the generation of a greater number of negative interpretations overall; and (3) the selection of negative responses. These findings were not consistent across measures of anxiety. A more convincing association was found between child anxiety and anticipated emotional response to the ambiguous scenarios, with anxious children anticipating more negative emotion.
Introduction
Biased interpretation of ambiguity has been hypothesized as a dysfunctional cognition underpinning anxiety disorders (e.g., Beck et al. 1985; Eysenck 1992; Williams et al. 1997) . This refers to the tendency for an anxious individual to be biased to interpret ambiguity in a negative or threatrelated way. There is quite consistent evidence for a negative interpretation bias in anxious adults (e.g. Butler and Matthews 1983; Eysenck et al. 1991) as well as some evidence for this bias in children but findings are less consistent (e.g. Barrett et al. 1996; Chorpita et al. 1996; Hadwin et al. 1997; Creswell and O'Connor 2011; Creswell et al. , 2014 .
A common method of assessing interpretation bias in children is to present participants with ambiguous scenarios and ask them to indicate what they would think was happening if they were in that situation. Participants are typically asked to: i) select one interpretation from a number of options; or ii) provide one interpretation that they generate themselves. Although this approach has proved useful, both of these response formats are a poor reflection of how children reason in reality. First, children are not provided with a list of possible alternatives when they are faced with ambiguity in day-to-day life. Second, the cognitive developmental literature suggests that whist children aged 3-4 years tend to provide only one possible alternative in ambiguous situations, older children, certainly by age 12, identify multiple possible alternatives and recognise that each of these alternatives has a different non-zero probability (Horobin and Acredolo 1989) . A recent study has shown that even children as young as 6 years generate multiple interpretations to real-life scenarios (Berry and Cooper 2012) . Thus, to more accurately capture the process of interpretation in older children and adults, a paradigm that allows for the generation of multiple interpretations is required.
To our knowledge, only one small study has examined interpretation bias in child anxiety using a task that allows for the generation of multiple responses. Chorpita et al. (1996) presented 14 participants with ambiguous scenarios and asked them to provide as many interpretations as came to mind (interpretation generation). A significant correlation between trait anxiety and negative interpretations was found, with more anxious children generating more negative interpretations. These authors also asked children to select, from the interpretations they had generated, the one they thought was most likely (interpretation selection). Children with higher levels of anxiety were more likely to select negative interpretations.
This distinction between interpretation generation and interpretation selection is consistent with information-processing models. Crick and Dodge (1994) propose a series of processing stages that children engage in when they process social cues, beginning with the encoding of external and internal cues. This is followed by an interpretation phase, when children draw on their existing knowledge to formulate possible interpretations of the event. It is specifically highlighted that interpretation can incorporate a number of distinct processes. A series of processing stages then follow including goal selection, construction of possible responses and selection of a response before the chosen behavior is enacted.
When considering the processing stages that children might engage in when faced with ambiguous stimuli, the cognitive reappraisal literature also provides some useful insights. Cognitive reappraisal is an emotion regulation strategy that involves changing ones interpretations of affective stimuli by considering alternative appraisals (or interpretations) of a situation. Neuroimaging research has shown that engaging in reappraisal activates regions involved in cognitive control, including dorsomedial prefrontal cortex (dmPFC), dorsolateral prefrontal cortext (dlPFC), ventrolateral prefrontal cortext (vlPFC) and posterior parietal lobe and further, that reappraisal modulates activity in bilateral amygdala, which is strongly linked with emotional responding (Buhle et al. 2014) . This highlights that a distinction can be made between the cognitive interpretation phase and the individual's emotional response.
Research focused on interpretation bias in child anxiety is increasingly recognizing the importance of studying children's emotional responses to ambiguity as well as their actual interpretations when they are presented with ambiguous scenarios. For example, Waters and colleagues (Waters et al. 2008a) found that anxious children expected more negative emotion in ambiguous situations than control participants or children of anxious parents. Similarly, Waters et al. (2008b) found a relationship between anxiety and anticipated negative emotion in response to ambiguous scenarios. Furthermore, a recent longitudinal study reported consistently strong associations between anticipated negative emotion in response to ambiguous scenarios and anxiety in both cross-sectional and longitudinal analyses (Creswell and O'Connor 2011) . This suggests that consideration of how children anticipate they will feel when faced with ambiguous situations, as well as how they interpret them, might be important for understanding the nature of children's anxiety. Thus, in the present research, we distinguish between three phases of children's responding to ambiguous stimuli: interpretation generation, interpretation selection and emotional response.
A final issue in the investigation of interpretation bias in child anxiety is the extent to which bias is related to anxiety specifically, rather than driven by an association with comorbid symptoms of depression; depressed adults also show a negative interpretation bias and there is some indication that this bias may also be associated with depression in youth (Dearing and Gotlib 2009; Lau et al. 2011; Lothmann et al. 2011) . A number of studies that have examined interpretation bias in child anxiety have included an assessment of depression. In general, the results suggest that the association between anxiety and interpretation bias is not driven by comorbid symptoms of depression but this remains an important consideration.
Aims and Hypotheses
The present research had two principle aims. First, to more closely investigate the nature of interpretation bias in anxious children by examining interpretation generation and selection. Second, to examine the association between anxiety and anticipated emotional response to ambiguity. This research contributes to the literature on interpretation bias in child anxiety by breaking down the processing of ambiguity to gain insight into the specific ways in which anxious children differ from non-anxious children. It was hypothesized that anxiety would be associated with: (1) the generation of more negative interpretations to ambiguous scenarios; (2) the selection of more negative interpretations to ambiguous scenarios; and 3) the anticipation of more negative emotion when faced with an ambiguous scenario. Given the comorbidity between anxiety and depression, the association between symptoms of depression and responses to the ambiguous situations was also examined.
Method Participants
Participants were 103 children (39 boys) aged 10-12 years (mean age = 11.17, SD = .45). An additional two participants consented to take part but did not complete the task correctly, so were excluded. All participants were taking part of a larger longitudinal study designed to examine predictors of emotional health problems in children (Hudson et al. 2011 ) and had participated in our previous research examining interpretation bias in preschool-aged children (Dodd et al. 2012 ). Participants were originally recruited when they were aged between 3 years 2 months and 4 years 5 months. At this time, children scoring more than one standard deviation above or less than one standard deviation below the normative mean on the Approach Scale of the Short Temperament Scale for Children (STSC; Sanson et al. 1994) were classified as behaviourally inhibited (BI) or behaviourally uninhibited (BUI) respectively.
The present study was conducted as part of the 8-year follow-up of this longitudinal sample. Approximately 140 (69 %) of the original participants were invited to take part in the present research giving a participation rate of 74 %. Of the participants in the present sample, 64 had originally been classified as BI (38 %) and BUI (62 %). The current sample was primarily made up of Oceanic (67 %), Asian (8.9 %), and European (20 %) ethnicities. Family income data were provided by 77 participants. Of those that responded 73 % were from middle to high income families (annual income of $80,000 or more). All parent-report measures detailed below were completed by mothers. Of those who provided information ([95 % of participants for each variable), all identified as being the child's biological parent, 86 % were married, 17 % met criteria for an anxiety disorder themselves and the mean maternal age was 44 years (SD = 4.4 years).
Measures

Interpretation Generation Questionnaire Child (IGQ-C)
A measure was created for the present study to assess participants' generation, selection and anticipated emotional response to ambiguous scenarios (measure available from the corresponding author). The measure is an adaptation and modification of the ambiguous scenarios methodology used in previous studies (Barrett et al. 1996; Wisco and Nolen-Hoeskma 2010) and includes 12 vignettes that describe ambiguous everyday situations. To ensure that the scenarios draw upon a range of situations, six are social (e.g. ''You're giving a speech. People in the audience start laughing. Why?'') and six are non-social (e.g. ''Your stomach starts to feel a bit funny during the morning at school, why?''). To check that the scenarios were ambiguous, twelve adult volunteers rated the positivity/negativity of the scenarios on a 7-point Likert scale ranging from ''very bad'' (-3) to ''very good'' (3). The mean rating for the scenarios included was -.19 (SD = .56) indicating that the scenarios were ambiguous.
The response format was based on the measure in Wisco and Nolen-Hoeskma (2010) . Participants were instructed to imagine that each scenario was happening to them and then to write down all the explanations that came to mind (interpretation generation). The questionnaire allowed a maximum of ten interpretations for each scenario. Participants were then instructed to select, from their interpretations, the one they would think was ''most likely'' if they were in the situation (interpretation selection). Finally, anticipated emotional response to the ambiguous situation was assessed by asking participants to rate how it would make them feel if this situation was actually happening to them, using a Likert scale from ranging from -3 (very bad) to 3 (very good).
Coding Responses
Participant interpretations were coded individually as negative, or not negative, using a coding scheme developed for the purposes of this research (coding manual available from the corresponding author). ''Negative'' was operationalised as being any interpretation that suggested a negative outcome for the participant or reflected negative attributions about the self. A minority of the participants missed one (N = 9) or two scenarios (N = 1) but all participants had complete data for at least 10 of the scenarios. To ensure that all participants' data could be used and that the variables were comparable across participants, the following variables were calculated: proportion of initial interpretations that were negative (total number of initial interpretations that were negative divided by the total number of scenarios completed); proportion of interpretations that were negative (total number of responses that were negative divided by the total number of interpretations made); proportion of selected interpretations that were negative (total number of selected interpretations that were negative divided by the number of scenarios completed); and average emotional response rating (sum of emotional response ratings divided by the number of scenarios for which an emotional response rating was made).
Responses were coded by a psychology masters student who was blind to participant anxiety level or clinical status. To ensure reliability, 23 % of responses, selected at random, were second coded by a research intern. Inter-rater reliability ranged from ICC (2, 1) = .83-.93 for the above variables. Internal consistency was good for the total number of interpretations that were negative (a = .78) and for emotional response rating (a = .76), but was lower for scales comprised from binary variables (selected responses: a = .52; initial responses: a = .46). These are reasonably comparable with other interpretation bias scales derived Creswell et al. (2014) reported alphas ranging from .56 to .79) and results are interpreted with this in mind.
Spence Children's Anxiety Scale
The self-report version and parent report versions of the Spence Children's Anxiety Scale (SCAS-Spence 1998; SCAS-P- Nauta et al. 2004 ) were used to assess the severity of anxiety symptoms. Both versions include 38 items that ask about a range of anxiety symptoms. The parent-report measure was developed to correspond as closely as possible to the child version. For both scales, items are rated on a 4-point Likert scale, giving a range of scores from 0 to 114 (see www.scaswebsite.com for more information). In the present study, internal consistency was excellent a = .91 for the SCAS and a = .91 for the SCAS-P.
Short Mood and Feelings Questionnaire
The self-report (SMFQ) and parent-report (SMFQ-P) versions of the Short Mood and Feelings Questionnaire (Angold et al. 1995) were used to measure symptoms of depression. The parent and child versions of the scale correspond closely and both include 11 items. The participant is asked to rate whether a specific phrase (e.g. 'I (s/he) felt miserable or unhappy') is indicative of their/their child's feelings and behaviour using a three point likert scale (0-2). In the present sample the internal consistency was good for child selfreport; Cronbach's a = .86, and for parent-report; Cronbach's alpha = .88.
Anxiety Disorders Interview Schedule for Children (ADIS-C/P)
The ADIS-C/P (Silverman and Albano 1996) is a psychometrically sound semi-structured interview that provides extensive coverage of anxiety disorders. Child participants and their mothers were interviewed about the child's anxiety and diagnoses and Clinical Severity Ratings (CSRs on a scale of 0-8) were then assigned by a clinical researcher who had been extensively trained and was supervised by an experienced clinical psychologist. Diagnoses were based on the criteria set out by the DSM-IV (American Psychiatric Association 1994) and were only considered clinical if the CSR was four or greater. On the basis of the ADIS interviews, 28 children met criteria for a clinical anxiety disorder and 75 children did not. These groups will be referred to as clinically anxious children (ANX) and non-anxious children (NANX). In total, the anxious children met criteria for 56 anxiety diagnoses, an average of two per child. The most common diagnoses were Social Anxiety Disorder (N = 16), Generalised Anxiety Disorder (N = 14) and Specific Phobia (N = 20). A total of 30 % of interviews were coded by a second clinician from videotape. Interrater agreement for the presence of a current anxiety diagnosis was excellent (kappa = .92).
Procedure
Macquarie University Human Ethics Committee approved the methods of the study. A letter explaining the research and a consent form were sent by mail to parents. Parents were then contacted by phone to seek consent and to arrange participation. Parents and children visited the university for a 2-h session during which all ADIS interviews and IGQ-C outlined above were completed, along with other assessments for the longitudinal study. After being given a description of the study, mothers provided written informed consent for themselves and their children and the children provided assent to the study procedures after being told what each phase of the research would involve.
Children completed the IGQ-C on a computer, supervised by postgraduate psychology students. The measure was self-paced, and participants were instructed to write as many explanations as came to mind for each vignette. Participants were also given the option of having the assistant type their answers for them if they were not confident typing. At the end of each vignette the participant was prompted ''Is that as many as you can think of?'' Once they pressed the ''Next Question'' the next scenario was presented. The scenarios were presented in a random order. Participants completed the IGQ-C whilst their mother completed the ADIS-P interview. Upon completion, the child completed their ADIS interview. The questionnaires were all completed online prior to the assessment session. Families were reimbursed AU$50 for participation.
Results
The ICQ-C yielded four continuous variables: proportion of initial interpretations that were negative; proportion of interpretations that were negative; proportion of selected interpretations that were negative; average emotional response rating. Demographic variables collected were gender, ethnicity, child age, and annual gross family income. Preliminary analyses indicated that the demographic variables were not significantly related to scores on the SCAS, SMFQ or ICQ-C (p [ .05), with the exception of family income, which was positively associated with emotional response ratings and negatively associated with both SCAS and SMFQ total score. Similarly, no differences between clinically anxious children and non-anxious children were found for any of the demographic variables (p [ .05) except for family income, with children from lower income families more likely to meet criteria for an anxiety diagnosis. No significant differences between BI groups were found for any of the IGQ-C variables (p [ .05).
ADIS diagnostic data was available for all participants but some failed to complete all of the other measures (maximum number of participants missing data on any measure = 10). Participants were excluded from analyses if they were missing relevant data for that analysis. There was no difference between participants with complete data and those with missing data on age, gender, ethnicity, family income or clinical anxiety status (p [ .1). Means and standard deviations for the questionnaire measures are shown in Table 1 .
The following variables were positively skewed: proportion of initial responses that were negative, proportion of selected interpretations that were negative, SCAS total score. SCAS-P total score, SMFQ total score; SMFQ-P total score. All analyses involving these variables were therefore bootstrapped and bootstrapped estimates, using 1000 bootstrapped samples, are reported.
To first check for anxiety-related differences in how the ICQ-C was completed, some preliminary analyses were conducted. Initially, the average number of responses generated across scenarios was examined in relation to anxiety and depression. No significant association was found between average number of responses generated overall and SCAS, SCAS-P, SMFQ or SMFQ-P scores (p [ .05) and there was no significant difference between anxiety groups, (ANX (M = 3.57 (SD = 1.07); NANX M = 3.8 (SD = 1.33)), t (101) = .80, p = .42. In addition, we examined the proportion of trials in which the first interpretation given was the one selected; this was not significantly associated with SCAS, SCAS-P, SMFQ or SMFQ-P score (p [ .05), and there was no significant difference between anxiety groups (ANX M = 49.7 %; SD = 18.58); NANX M = 48.9 %; SD = 20.4), t (101) = .19, p = .85.
Hypothesis Testing
For each hypothesis, two types of analysis were conducted; point-biserial correlations were conducted to examine the association between IGQ-C variables and an anxiety disorder diagnosis and bivariate correlations were conducted to examine the association between IGQ-C variables and anxiety symptoms, as measured on the SCAS and SCAS-P. Bivariate correlations were also conducted to examine the association between IGQ-C variables and depressive symptoms, as measured on the SMFQ and SMFQ-P. Table 2 shows the results of the point-biserial correlations. This data is also displayed in Fig. 1 . The bivariate correlation results are displayed in Table 3 . The association between emotional response rating and anxiety/depression is shown in Fig. 2 .
Discussion
The first aim of the present research was to investigate the nature of interpretation bias in anxious children by examining interpretation generation and selection. It was first hypothesized that anxiety would be positively associated with the generation of more negative interpretations to ambiguous scenarios. The results provided some support for this hypothesis; children with higher self-rated anxiety symptoms were more likely to provide an initial interpretation that was negative and to generate more negative interpretations overall. However, no significant relation was found between generation of negative interpretations and the presence of a clinical anxiety diagnosis or parentreport of child anxiety. It was further hypothesized that anxiety would be associated with the selection of more negative interpretations to ambiguous scenarios. Again, this hypothesis was partially supported; a significant association was found between selection of negative interpretations and the presence of a clinical anxiety diagnosis, but no significant association was found with anxiety symptoms. Taken together, the results provide some indication of subtle associations between anxiety and interpretation generation and selection, but the effects are small and inconsistent across anxiety measures. This inconsistency may reflect genuine differences between children with an anxiety disorder and those with high anxiety symptoms; perhaps settling upon a negative interpretation as most likely is a unique characteristic of clinical anxiety. Alternatively, the inconsistency may indicate that the association between anxiety and the negative interpretation of ambiguity, using the IGQ-C is relatively weak. This is contrary to our hypotheses but previous findings in the child literature have been equivocal, with several other studies also reporting no association, or inconsistent associations, between interpretation bias and anxiety in children. For example, Creswell et al. (2014) found no differences in interpretations of ambiguous situations between clinically anxious and control participants and Creswell and O'Connor (2011) failed to find a consistent relation between interpretation bias and anxiety symptoms.
The second aim was to examine the relation between anxiety and anticipated emotional response to ambiguity. It was hypothesized that anxiety would be associated with the anticipation of more negative emotion in response to Boxes show 25th-75th percentiles, with median indicated by horizontal line across box and mean indicated by plus symbol, whiskers show 10th-90th percentiles ambiguous scenarios. This hypothesis received the clearest support; participants with higher self-rated anxiety symptoms had more negative emotional response ratings and there was a significant association with clinical anxiety, such that clinically anxious children anticipated more negative emotion in response to the ambiguous scenarios.
The information-processing model proposes a series of processing stages that children engage in when faced with ambiguity (Crick and Dodge 1994) . Drawing upon this approach and the cognitive reappraisal literature, we examined three phases of children's responding to ambiguity: interpretation generation (broken down into initial interpretation and subsequent interpretations), interpretation selection and emotional response. The correlations between these phases were significant, as would be expected for a related sequence of events. Notably, the highest correlations were found between processing stages one would anticipate would be adjacent (initial interpretation-overall interpretation generation-interpretation selection-emotional response). There was no indication that children with anxiety disorders had more difficulty generating interpretations overall and little evidence that the interpretations generated by children higher in anxiety were more negative. This suggests that children with anxiety disorders may not have difficulty generating alternative interpretations, as required for cognitive reappraisal, when they are prompted to do so. However, children who are anxious may spontaneously engage in reappraisal less frequently than those who are not anxious (Carthy et al. 2010) . Thus, anxious children may not have a skill deficit but anxious children may not apply this skill spontaneously.
A clearer association was found between child anxiety and anticipated emotional response. This is consistent with other recent findings (Creswell and O'Connor 2011; Waters et al. 2008a, b) . The clinically anxious children anticipated more negative emotion in comparison to the controls even though their interpretations were similar, indicating that the interpretations were not driving the emotional response entirely. Clearly, further investigation into the mechanisms underpinning this emotional response is required; in the present study, we intentionally kept the emotional response question broad in order to measure overall affective reaction, but further insight into this affective response could be gleaned by asking more specific questions. For example, children's cognitions about their ability to cope with the situation, the extent to which they would worry about the situation and their distress regarding the uncertainty of the situation would all be useful questions for future research. Furthermore, linking these findings with anxiety-linked individual differences in the activation of brain regions involved in cognitive control and emotion (e.g. Cisler et al. 2010; Goldin et al. 2009a, b) may prove a fruitful avenue for future work. There are some points for consideration that should be highlighted. First, there was little indication that any associations between anxiety and responses on the IGQ-C were driven by comorbid symptoms of depression. Second, parent-report of child anxiety was not associated with any of the IGQ-C outcome measures, including anticipated emotional response. This is perhaps not surprising as agreement between parent and child indices of anxiety is often poor (Comer and Kendall 2004; Salbach-Andrae et al. 2009) . A third consideration is that the IGQ-C had good internal consistency for two scales, but two scales had relatively poor internal consistency. Further evaluation of the psychometric properties of this scale is therefore required. Finally, the sample were not treatment seeking. It would be informative for research to use the IGQ-C before and after treatment of anxiety disorders to ascertain first, whether a clinic-based sample show the same biases, and second how children's responses to ambiguity change across treatment and how these changes are linked to symptom change. Work of this nature would provide additional insights that could further inform our approach to treating anxiety disorders in children.
